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Clinical value of ELISA assays for IgM and IgG
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SUMMARY The clinical value of enzyme linked immunosorbent assays (ELISA) assays for IgM and
IgG rheumatoid factors was assessed in a series of studies using rabbit IgG as antigen. The tests
were reproducible with intra-assay coefficients of variation of 6% and could be simply and rapidly
performed. Normal ranges were established using 106 sera from healthy controls. In a cross sec-
tional study of 208 rheumatoid patients these assays were compared with the Rose-Waaler and laser
nephelometric assessments of rheumatoid factor. In some patients there were discrepancies between
rheumatoid factor positivity determined by one method or another. IgM ELISA and Rose-Waaler
titres showed a significant correlation (r = +0 58; p < 0-001), but there was a low correlation
between IgM and IgG ELISA (r = +0-27; p < 0-001). There was no evidence to show that the
measurement of IgM or IgG rheumatoid factor gave significantly more clinical information than
traditional tests such as the Rose-Waaler or latex agglutination tests.

Rheumatoid factors can be of any antibody class.'
Established methods for their routine assessments,
such as the latex and sheep red cell agglutination
methods24 have disadvantages. They measure rheu-
matoid factors as a discontinuous titre and may be
insensitive to changes. They also predominantly mea-
sure IgM rheumatoid factor as it has the greatest
agglutinating ability. To overcome these problems
new rheumatoid factor assays have been developed.
These include laser nephelometry,5 radioimmuno-
assay,6 - 9 and enzyme linked immunoabsorbent assay
(ELISA). 0'-8 Should these new assays be routinely
introduced into rheumatological laboratories? We
examined this clinically important question by study-
ing a large number of sera from patients with estab-
lished rheumatoid arthritis using a simple ELISA
assay system. If this system is to be widely used it
should not only be reproducible and simple, but also
have substantial advantages over latex and red cell
agglutination assays.

Patients and methods

SAMPLES
Sera were collected from three groups of patients and
controls and stored at -20°C until analysed.
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Control specimens
Healthy control specimens were kindly provided by
the Regional Blood Transfusion Service in
Birmingham. One hundred and six sera were ran-
domly selected; 60 of these were from donors screened
to exclude joint disease and recent infection.

Patients
One hundred and sixty patients with classical or
definite rheumatoid arthritis (defined by the criteria
of the American Rheumatism Association) and with a
Rose-Waaler titre of 1/32 or greater, termed sero-
positive, were studied, as were 48 patients with an
arthropathy of a rheumatoid pattern but a persis-
tently negative Rose-Waaler titre of 1/16 or less (mea-
sured repeatedly over one year), termed seronegative.

ROSE-WAALER AND NEPHELOMETRIC TESTS
The Rose-Waaler test was performed by the standard
laboratory method described by Thompson.19 Laser
nephelometry was undertaken as described by
Roberts-Thompson etal5: serum diluted 1/25 in
phosphate buffered saline was reacted with 100 litres
of heat aggregated human IgG. The mixture was
stirred and allowed to stand at room temperature for
60 minutes. The degree of light scatter was measured
in a laser nephelometer (Behring Diagnostics) and
expressed in millivolts. From this value was sub-
tracted the scatter caused by the 1/25 serum dilution
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alone without heat aggregated immunoglobulin and
the scatter caused by heat aggregated immuno-
globulin. All measurements were made in duplicate.

IgM RHEUMATOID FACTOR ELISA ASSAY
Microtitre plates (Linbro, Flow Laboratories) were
coated with 0-1 ml rabbit IgG (Sigma) at 0 03 mg/ml
in coating buffer containing 1 59 g sodium carbonate
and 2-93 g sodium bicarbonate in I litre at pH 9 6.
Non-specific binding was blocked by 1% bovine
serum albumin (Sigma) in coating buffer. The plates
were left overnight at 4°C. After extensive washing
0-1 ml diluted test serum was added to the wells in
triplicate and left for one hour at room temperature.
The plates were washed five times and 0-1 ml diluted
peroxidase conjugated antihuman IgM (Dakopatts)
was added to each well and left for two hours at 4°C.
The plates were again washed and 0 2 ml of freshly
prepared substrate solution (orthophenyl-diamine in
citrate buffer, pH 5-0) added. The colour reaction was
stopped at 30 minutes with 0 025 ml of 20% sulphuric
acid. The absorbance were read using a Multiscan
(Titertek) plate reader at 490 nm. Appropriate
reagent blanks and positive and negative control
serum samples were included on every plate.

IgG RHEUMATOID FACTOR ELISA ASSAY
An identical method was used, except horseradish
peroxidase conjugated antiglobulin directed to IgG
(Dakopatts) was added instead of anti-IgM.

PRELIMINARY STUDIES WITH ELISA ASSAY
Initial experiments evaluated four different plates
obtained from Linbro, Nunc, Falcon, and Dynotec.
The Linbro plates were the most satisfactory.
Other plates produced various problems, including
high background binding of serum and poorer
reproducibility between wells.

Coating with <0-01 mg per ml and with >0 1 mg
per ml of rabbit IgG gave poor reproducibility. Rab-
bit IgG (0-03 mg/ml) was optimal. A serum dilution
was chosen on the linear portion of the sigmoidal
curve obtained when absorbance was plotted against
serum dilutions. One hour of incubation of the test
sample was the most advantageous. The dilution of
the conjugated anti-immunoglobulin was chosen on
the linear portion of the sigmoidal curve obtained
when the absorbant was plotted against conjugated
anti-immunoglobulin dilution. The incubation time
of the conjugated immunoglobulin was chosen on the
basis of time curve for binding; two hours was best for
repeat samples.

Coefficients of variation were calculated over eight
assays and were as follows: IgM ELISA intra-assay
coefficient of variation was 6% and interassay
coefficient of variation 8%; IgG ELISA intra-assay
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coefficient of variation was 6% and interassay
coefficient of variation was 15%.
The upper end of the reference ranges for IgM and

IgG rheumatoid factors were the 95 percentiles of the
control population. These were 0 27 absorbance units
for IgM rheumatoid factor and 0 45 for IgG rheu-
matoid factor. IgG ELISA rheumatoid factors,
excluding controls with evidence of joint disease and
recent infection, caused a fall in the reference range to
0 35 absorbance units, but this lower reference range
was not used in the present study. There was no simi-
lar effect with the IgM ELISA assay.

Results

CLINICAL EVALUATION OF THE IgM ELISA
The overall spread of results from the patients with
rheumatoid arthritis in the cross sectional study and
the normal controls were compared, grouping the
rheumatoid patients into seropositive and sero-
negative by the Rose-Waaler method. Fig 1 sum-
marises the results. Detailed analysis of the areas of
disagreement showed that of the 160 seropositive
patients (Rose-Waaler method) 82% were positive by
the ELISA technique for IgM rheumatoid factor and
18% were negative. Of the 48 seronegative patients,
30% were positive by the IgM ELISA and 70%
negative.
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Fig 1 IgM ELISA rheumatoidfactor in 208 patients with
rheumatoidfactors and 106 controls. Patients are divided into
seropositive by the Rose- Waaler method (n = 160) and
persistently seronegative (n = 48). Upper limit ofnormal
(control mean plus 2 standard deviations) is indicated by
solid line.
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Fig 2 Relation ofIgM ELISA rheumatoidfactor and
Rose- Waaler titre in 175 patients with rheumatoidfactors.
Correlation was highly significant (r = +0 58; p < 0 001).

COMPARISON OF IgM ELISA USING THE
ROSE-WAALER METHOD
There was a reasonably close correlation in 175 of the
208 studied cross sectionally (Pearson's correlation
coefficient r = +0-58; p < 0-001) (fig 2). These cases

were the first 175 patients evaluated. Despite this
highly significant relation several patients with rela-
tively high titres of rheumatoid factor (Rose-Waaler
method) were negative by the IgM ELISA technique.
Furthermore, at each level of dilution in the hae-
magglutination assay there was a wide range for
comparative measures using the ELISA assay.

COMPARISON OF IgM ELISA WITH LASER

NEPHELOMETRY
This comparison was only undertaken in 41 patients
randomly selected from the cross sectional study.
There was a significant correlation (Pearson's cor-

relation coefficient r = +0 50; p < 0-001). As with
comparisons between IgM, ELISA, and Rose-Waaler
titre, there was considerable individual variation in
the results obtained by the IgM ELISA technique and
those given by laser nephelometry.

THE RELATION BETWEEN IgM AND IgG ELISA

ASSAY
The IgM ELISA assay showed only a weak relation

Fig 3 Relations ofIgM and IgG ELISA rheumatoidfactor
in 175 patients with rheumatoidfactors. There was only a

weak correlation, though this was significant (r = + 0-27;
p < 0*001).

with the IgG assay in 175 patients from the cross sec-

tional study (fig 3); although there was a significant
relation, the correlation was low (Pearson's coefficient
correlation r = +0 27; p = <0 001).
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Fig4 IgG ELISA rheumatoidfactor in 208 patients with
rheumatoid arthritis and in 106 controls.
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CLINICAL EVALUATION OF THE IgG ELISA
ASSAY
A similar examination was undertaken to that for the
IgM ELISA assay. This showed that there was no
close relation between the results of the patients
assessed as seropositive by the Rose-Waaler assay
and of the IgG ELISA results (fig 4). Of the 160
patients classified as seropositive by the Rose-Waaler
method, 67% were also positive by the IgG ELISA
assay and 33% negative. Of the 48 patients classified
as seronegative by the Rose-Waaler assay, 54% were
positive by the IgG ELISA assay and 46% negative.

Discussion

The ELISA system we used is simple and technically
acceptable. It is reproducible with low intra-assay
coefficient of variations of 6%. The correlations of
the ELISA IgM rheumatoid factor assay with the
Rose-Waaler titre and laser nephelometric measures
of rheumatoid factor suggest that the assay is a true
measure of rheumatoid factor. We used a single sim-
ple dilution of serum as we felt this was the most prac-
tical policy for a rapid simple assay system. Com-
plexed rheumatoid factors may not be detected by
solid phase assays, and serum can be treated with acid
to eliminate this. When we examined this problem in
a small number of cases in a preliminary study we
found no evidence of a significant effect in our ELISA
assay when serum was treated with acid. For the
selection of reference ranges, we used the mean plus
two standard deviations from 106 control sera. This
gave a relatively high reference range for IgG rheu-
matoid factors; if people with evidence ofjoint disease
and recent infection were excluded the reference range
for IgG rheumatoid factor fell substantially; IgM
rheumatoid factor was not similarly influenced. We
considered that the higher reference range may have
given greater disease specificity.

Techniques for class specific rheumatoid factor
assays vary with both ELISA and radioimmunoassay
methods. The source of IgG includes rabbits,
humans, and other species of primate.20 21 With
human IgG, technical problems have led to the use of
Fc fragments for coating plates with labelled antisera
directed to the Fab fragment in the final stage of the
sandwich.2223 Some assays detect subclasses of
IgG,24 or rheumatoid factors of IgA and IgE
classes.2526 Our own assay system using rabbit IgG
as the coating antigen was designed to be a simple
method and is comparable with the standard Rose-
Waaler method.
The existence of many varied solid phase methods

militates against the introduction of any single new
assay system into routine clinical practice. There are
theoretical drawbacks to solid phase assays for quan-
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tifying rheumatoid factors. IgG bound to a solid
phase is prone to non-specific adsorption of other
IgG molecules and immune aggregates.27 This may
be a problem with our own ELISA IgG rheumatoid
factor assay. The washing steps used to remove the
unbound proteins may dissociate rheumatoid factors
of low association constants bound to the immo-
bilised IgG. These theoretical disadvantages do not
seem to have a major practical impact as the number
of seropositive cases by different techniques is broadly
similar. IgM rheumatoid factors can interfere with the
measurement of IgG rheumatoid factors in solid
phase assays. It has been suggested that treating
serum with pepsin digestion7 12 or a reducing
agent6 28 would overcome this. Variable results, how-
ever, have been reported using this approach,
especially with reduction and alkylation of serum.
Our view is that this step is best omitted if the objec-
tive is to produce a simple, rapid, and reproducible
assay. Bampton etal16 have shown that pepsin treat-
ment reduces IgG rheumatoid factor values in an
ELISA system, but it is difficult to be certain how
specific an effect such treatment has on IgM inter-
ference, and how much is an inhibition in the assay's
detection of IgG rheumatoid factors due to non-
specific protein degradation by pepsin.
The measurement of specific classes of rheumatoid

factors has given useful experimental information on
questions such as the response to antirheumatic
drugs,31 the possible prediction of erosive disease,32
and the pathogenesis of rheumatoid vasculitis,33 34
but this is different from routine laboratory practice.

Before new tests are widely introduced they should
have a clear advantage which outweighs the con-
fusion associated with changes in laboratory mea-
sures. Our results show that this is not currently the
case with ELISA assays for IgM or IgG rheumatoid
factor. There is a clear divergence between the large
numbers of reports of new assays for rheumatoid fac-
tors and what most routine immunology laboratories
undertake for clinical diagnostic purposes. Most
centres still use the latex and Rose-Waaler tests, or
simple variants of these. Our own results and those of
most other clinical evaluations show that ELISA
assays or nephelometric assays35 are as good as the
Rose-Waaler titre. But they are not better tests in
terms of providing substantially more clinical infor-
mation. They also have a weakness in determining the
limits of normality; and they are weakest at the lower
levels of their range.36 Because clinicians are used to
the standard latex and Rose-Waaler tests, there is
information relating these tests to prognosis over
several years,37 and their widespread use gives a
degree of clinical and laboratory standardisation, so
we recommend that they are not replaced by new
ELISA assays for routine clinical work: there would
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be no appreciable advantage in doing so.

Finally, our results show that any division of rheu-
matoid patients into the clearly defined groups of
seropositive and seronegative cases is illogical as with
different tests for rheumatoid factor the division will
change.

We are grateful for the support of the Arthritis and
Rheumatism Council and the Joint Research Board
of St Bartholomew's Hospital. We thank Drs MF
Shadforth, PD Fowler, and DGI Scott for their help
with collecting the clinical specimens.
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